Objective: To identify characteristics of the child contact, index case or environment that are associated with infection or tuberculosis in child contacts in an urban community in Indonesia.
INTRODUCTION
Tuberculosis is an important cause of morbidity and mortality in children. 1, 2 Children are infected with Mycobacterium tuberculosis by aerosol transmission from an infectious case, usually an adult or adolescent with tuberculosis. It has long been recognised that close contacts of an infectious case of tuberculosis are at high risk of infection with M. tuberculosis. [3] [4] [5] [6] The risk of infection for a child that is exposed to a case of tuberculosis relates to a number of factors such as the infectiousness of the source case, the intensity and duration of the exposure, and the environmental conditions. If infected, the risk of disease is more related to inherent characteristics of the child contact that relate to the maturity or competence of the immune system to contain the infection, for example age or the presence of co-morbidities such as HIV infection or malnutrition. [7] [8] [9] The recognition that risk of disease and severe, disseminated disease after infection is particularly high for infants and young children (< 5 years) provides the rationale for WHO's policy of routine screening and management of children that are close contacts of a case of sputum smear-positive tuberculosis. 10 While this policy is almost universally adopted, it is rarely implemented in tuberculosis endemic countries. 11, 12 We have recently conducted a prospective cohort study that evaluated the WHO symptom-based screening algorithm for the management of child contacts of tuberculosis cases in a primary care setting in Indonesia. 13 From this cohort, we report characteristics of the children, index cases and environmental conditions in relation to infection or disease among the child contacts.
METHODS
A prospective cohort study was undertaken of children that were contacts of a tuberculosis index case in Yogyakarta, Indonesia, from August 2010 to December 2012. Ethical approval for the study was obtained from the Ethics Committee, Faculty of Medicine, Universitas
Gadjah Mada, Yogyakarta, Indonesia and the Human Research Ethics Committee, the University of Melbourne, Melbourne Australia.
The details of the study and of the cohort have been reported previously. 13 Index cases were adults with a diagnosis of pulmonary tuberculosis, sputum smear positive or sputum smear negative. Children aged 15 years or less in close contact with an index case were recruited to the study following informed consent from parent or guardian. "Close contact"
was defined as living in the same house with the index case within the last three months, or having had frequent contact with the index case for a minimum of eight hours per day, within the last three months if not living in the same house. Child contacts were excluded if they were currently receiving anti-tuberculosis therapy or preventive therapy, had a previous tuberculin skin test (TST) or if they lived more than 20 kilometres from the study hospital.
Demographic, clinical and environmental data of both child contact and index case were collected on standardised data collection forms. All child contacts underwent clinical evaluation including nutritional assessment, TST and chest radiography. For each child contact, we specifically enquired about symptoms related to tuberculosis. All children were evaluated and managed at initial screening, and then followed for 12 months. They were managed according to current guidelines: those with tuberculosis received standard antituberculosis regimen for 6 months; those without tuberculosis at initial evaluation were followed up for 12 months and offered isoniazid preventive therapy for 6 months if less than 5 years of age.
The TST was considered positive if the transverse diameter of induration was 10 mm or more, regardless of the BCG vaccination status. 14 The sample size was a convenience sample of all child contacts that could be identified and recruited within the time period of the study that included the need to follow all children for 12 months. 13 Data analysis was conducted using STATA version 12 (Stata Corp., Texas USA). Comparisons of median used Mann-Whitney rank sum test for non-parametric data. Univariate associations of variables with infection with M. tuberculosis or tuberculosis were calculated using logistic regression and are presented as odds ratios (OR) and 95% confidence intervals (95%CI). The variables that were statistically significant (to the level of p< 0.05) associated with the outcome in the univariate analysis or that have been shown in previous studies to have association with the risk for infection or disease were included in multiple logistic regression analysis, and expressed as adjusted odds ratio (AOR).
RESULTS
A total of 269 eligible children of 141 index cases were recruited to the study. Of them, 25
(9%) had a diagnosis of "probable" tuberculosis(see Box): one with tuberculous meningitis, one with pleural tuberculosis and the remainder with pulmonary tuberculosis, as previously reported. 13 Of these 25 with tuberculosis, 21 (84%) also had a positive TST also At initial screening, there were 21 child contacts diagnosed with tuberculosis and 17 of these were also TST positive. An additional 4 children were diagnosed later during 12 month follow-up, one each at 3, 4, 6 and 12 months. The TST had been positive at initial evaluation in two of these and later became positive in the other two. All four cases were 5-14 years of age, and so not receiving isoniazid preventive therapy. None of the children treated for tuberculosis were lost-to-follow-up and all had a good outcome with symptom resolution and treatment
complete.
An additional 100 (37% of 269) children were categorised as having LTBI (i.e. were TST positive but without active disease) at baseline and remained well during follow-up, with seven (7%) of these lost-to-follow-up at 12 months. The remaining 144 (54%) children were considered as exposed to tuberculosis only (i.e. were TST negative without active disease). However, TST was not repeated during follow-up in these children unless they became symptomatic and 11 (7.6%) of them were lost-to-follow-up at 12 months.
The characteristics of the child contacts are presented in Table 1 , including by final diagnosis. One-third of the child contacts were undernourished, defined as weight-forheight Z score -2 to -3 for those less than 5 years or weight-for-height percentage of 70-90%
for the 5-14 year age group. No child contact had severe malnutrition. The characteristics of the index cases are listed in Table 2 .The index case had sputum smear positive disease in 80% and was related to the child and resident in the same household in the majority. A parent was the index case in around one half of the children, with grandparents being the next most common. The index case was an older sibling in 6 (2%) children, a cousin, aunt or uncle in 43 (16%) and not related in the other 27 (10%). Table 3 Table 4 lists and compares characteristics associated with a diagnosis of tuberculosis. The only characteristics associated with disease on univariate and multivariate analysis were the child contact being undernourished or having a positive TST. Nutritional status was part of the clinical evaluation for disease but a positive TST was not. The risk of disease was not associated with young age, sleeping proximity or smear positivity of the index case.
DISCUSSION
We report a high prevalence of infection and disease among children that were close contacts of tuberculosis cases in an urban community setting in Indonesia. The smear positivity of sputum on diagnosis of the index case, the index case being female and sleeping proximity were all associated with an increased prevalence of infection. These findings are consistent with those from previous studies in the south-east Asia region. [15] [16] [17] [18] [19] A recent study from another urban setting in Indonesia documented a significantly increased risk of infection in child contacts whose parent was the index case. 16 We did not find this in our study but a number of studies have reported the association with a female index case such as mother or grandmother. [19] [20] [21] [22] Mothers and grandmothers in most societies have more pro-longed and closer contact with young children than fathers or other male relatives, and the findings are potentially useful for targeting the highest risk groups for screening.
A limited number of previous studies have evaluated characteristics associated with the risk of having tuberculosis disease among household child contacts. [22] [23] [24] [25] [26] All but one of these were cross-sectional studies that did not follow-up the child contacts, such as the 12 months of follow-up in our study. A retrospective study of 282 child contacts in Alaska found that those with tuberculosis were younger than those without disease. 24 Further, previous studies from South Africa and Uganda reported a high prevalence of disease in child contacts of less than 5 years of age, of 34% and 16% respectively. 23, 26 It is recognised that the risk of developing tuberculosis after infection with M.tuberculosis is much higher in infants and young children compared to school-aged children. 7 We did not find an association of disease with young age. However, in this study the actual risk of developing disease within 1 year of screening in contacts that were less than 5 years of age is likely to have been reduced due to the use of isoniazid preventive therapy in this at-risk group. 13 All children diagnosed with tuberculosis during follow-up were older children not receiving isoniazid preventive therapy.
A positive TST was associated with a diagnosis of tuberculosis, and the majority of the children diagnosed with tuberculosis had a positive TST. This would be expected, especially because the prevalence of risk factors for a false-negative TST such as HIV infection or severe malnutrition is very low in this population. However, including the TST as part of contact screening is recognised as a barrier to implementation. 27 This is because tuberculin solution is rarely available in tuberculosis endemic settings, and certainly not at the primary care level where contact screening is initiated. WHO provides an approach to child contact screening for settings wheretuberculin solution is not available. 10, 13 There are a number of study limitations that relate to diagnostic categorisation.
First, none of the child contacts diagnosed with tuberculosis were microbiologically confirmed. Second, being categorised as having "LTBI" was reliant on a positive TST result which is not fully sensitive or specific. Finally, none of those categorised as "TB exposed only" at baseline and that remained well during follow-up had a repeat TST. Therefore, those with recent infection that may have converted during follow-up were not identified.
While the prevalence of infection or disease was significantly higher in children that were contacts of sputum smear-positive tuberculosis cases, infection or disease was identified in one quarter of contacts of cases with sputum smear-negative disease. Therefore, the risk for contacts of smear-negative tuberculosis is not negligible. WHO recommendations that are primarily for tuberculosis endemic settings in low and middle income countries recommend routine screening of contacts of sputum smear-positive cases. 10 However, in low tuberculosis endemic settings that are often better resourced, screening is extended to contacts of all tuberculosis cases. Unfortunately, it is only in the latter settings where routine contact screening is actually implemented. 27 Our study provides original data from Indonesia that adds to a large and consistent body of evidence that shows that infection and disease due to M.tuberculosis is common among children that are close contacts of tuberculosis cases. 28, 29 No particular characteristics were identified that could better target contact screening than current recommendations. * Note that 21 with TB disease were also TST positive. The prevalence of characteristics in this sub-group of 21 was similar to those listed (data not shown) ** LTBI: latent tuberculosis infection, defined as a positive TST but no active disease # undernourished: defined as weight-for-height Z score -2 to -3 for < 5 years, and weight-forheight percentage of 70-90% for 5-14 years 
